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OF THE PARA-«-CASEIN, AND GLYCOMACROPEPTIDE FRACTIONS
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ABSTRACT

The action of rennin on x-casein obtained from the milk of an individual cow
was investigated. Polyacrylamide-gel electrophoresis at pH 9.2 indicated the
presence of two major components in reduced para-«-casein. The amino acid com-
positions of «-casein, para-x-casein, and the glycomacropeptide were compared.

The action of rennin on easein of cow’s milk
has recently been reviewed by Lindqvist (14a,
b) and by Alais and Jollds (2a, b, ¢). It has
been shown by Nitschmann and co-workers
(16, 21, 23) that the action of rennin consists
of a primary enzymic phase in which the pro-
tective colloid of casein is destroyed, followed
by a secondary phase in which a coagulum
forms. A tertiary, nonspecific proteolytic phase
has also been demonstrated (4). Alais (1) and
later Nitschmann and Henzi (20) showed that
the primary action of rennin results in the
formation of a nondialyzable glycomacropep-
tide (GMP) soluble in 129 trichloroacetic acid
(TCA). The primary reaction has been shown
(29, 31) to be confined to the k-casein fraction
first deseribed by Waugh and von Hippel (32).

The GMP consists of about 30% carbohydrate

and 709 peptide material and about 0.4% .

phosphorus (9, 10), having a molecular weight
of 6,000-8,000 (10, 22, 30). The carbohydrate
portion is made up of galactose, galactosamine,
and sialic acid (20, 22). The peptide portion
has been reported (3, 8-10, 19) to consist of
11 amino acids, being low in, or devoid of, the
sulfur amino acids, aromatic amino acids, and
histidine and arginine. Jolles et al. (10) have

also reported the presence of one residue per

mole of an unknown amino acid. More re-
cently, Delfour et al. (6) have reported the
presence of one methionine residue in the gly-
comacropeptide derived from both cow and
sheep k-casein, which appears to be the N-ter-
minal residue.

Analyses of para-x-casein, the coagulum

formed during the secondary phase of the action -

of rennin, have been limited to those of Jollés
et al. (3). They have found that for the most

part the sum of the individual amino acid resi-
dues found in the GMP and para-x-casein
approximate the number found in «-casein,
whose amino acid composition was reported by
Jolles et al. (11). «-Casein and the GMP had
the same C-terminal amino acids, valine, ala-
nine, threonine, and serine, whereas para-«-
casein yields leucine and phenylalanine. Treat-
ment of k-casein with LiBH, (12) yielded para-
k-casein-like material with phenylalaninol as the
C-terminal group, and glycopeptide. On the
basis of this evidence, the action of rennin is
presumed to be esterolytic, cleaving an ester
link between the earboxyl of phenylalanine and
a hydroxyl group of the GMP, which arises
from the C-terminal portion of k-casein. The
most recent report (6) would seem to throw
doubt on the esterolytic theory of rennin action.

In the past, most of the investigations of the
action of rennin have utilized casein prepara-
tions from pooled milk. Recently, it has been
shown that reduced x-caseins exhibit a het-
erogeneity presumably related to genetic poly-
morphism (15, 18, 26, 34, 35). Two major
components oceur either singly or in pairs in
the reduced x-caseins of individual cows, usu-
ally accompanied by four to six minor com-
ponents. Each of these components has the
ability to stabilize a,-casein and can serve as
a substrate for rennin (15, 36). These facts
emphasize the desirability of utilizing prepara-
tions obtained from single, typed cows, con-
taining a single major component. The present
communication reports results of an investiga-
tion of the action of rennin on «-casein obtained

-from a single, Type b ecow (18). These initial

studies report the amino acid compositions and
the gel-electrophoresis behavior of «-casein,
para-k-casein, -and ‘the- GMP.



MATERIALS AND METHODS

k-Casein was isolated from acid-precipitated
whole casein obtained from a single, Type b
(18) cow by the urea—sulfuric acid method of
Zittle and Custer (27). The isolated x-casein
was further purified by precipitation from
alcoholic solution (17).

k-Casein (0.5%) was digested with erystal-
line rennin (Sigma Chemical Company, St.
Louis') (1.0 pg/ml) in pH 6.7 citrate buffer
(0.01 M) containing 0.1 M sodium chloride.
After 10 min digestion, the para-x-casein was
removed by filtration and washed three times
with water and dialyzed overnight. An equal
volume of 249, TCA was added to the filtrate
and a slight turbidity developed which was re-
moved by centrifugation. This material was
presumed to be unreacted x-casein or material
arising from the proteolysis of either x-casein
or para-x-casein as a result of the tertiary phase
of the rennin reaction (4). This fraction was
not examined further. The 129, TCA solution
of GMP was then adjusted to pH 8.0 with 1 x
sodium hydroxide and dialyzed. The para-i-
casein and GMP fractions were lyophilized

' Tt is not implied that the U. S. Department of
Agriculture recommends products of companies
mentioned to the possible exclusion of others in
the same business.

after dialysis. Two separate GMP preparations
were obtained. Hach was analyzed with essen-
tially the same results; therefore, results of
only one preparation are reported.

x-Casein, para-x-casein, and GMP were ana-
lyzed for their complete amino acid composi-
tions by the method of Piez and Morris (25),
using the Phoenix Precision Instrument Com-
pany automatic analyzer, Model VG-6000-B.
Approximately 2.0 mg of samples were hydro-
lyzed with glass-distilled 6 N HCl in sealed,
evacuated tubes. Hydrolyses were carried out
at 110 C in a circulating-air laboratory oven,
in triplicate for 24, 72, and 96 hr. Data re-
ported in Table 1 were calculated by finding
molar ratios based on eight different amino
acids (Asp,. Pro, Ala, Met, Leu, Phe, His, and
Arg) for k-casein and para-x-casein. For the
GMP, Asp, Lys, Leu, Ala, and Glu were used
to calculate the molar ratios. The molar ratios
so obtained were multiplied by whole number
factors so that the ratios derived from each of
the amino acids were raised to the same nu-
merical level. Cystine was determined as cysteic
acid following performic acid oxidation (27).

Polyacrylamide-gel electrophoresis in pH 9.2
Tris-4.5 M urea was carried out according to
the method already reported (24). Electro-
phoresis at pH 4.0 was performed in an alumi-

TABLE 1
Amino acid composition * of «k-casein, para-x-casein, and glycomacropeptide (residues)
Difference
between «

Amino acid k-Casein para-x-Casein and para-« GMP
Aspartie acid 11.0 2914 8.2 304 2.8 3° 3.3 264 3°
Threonine ® 12.1 5.2 6.9 7 7.4 7
Serine * 11.0 7.6 3.4 3 3.4 3
Glutamic acid 24.9 .30 17.9 .36 7.0 7 8.7 .64 9
Proline 17.5 21 12.9 .27 4.6 5 5.3 .35 5
Glycine 2.6 .04 1.7 .03 0.9 1 .8 .05 1
Alanine 134 .16 9.7 .20 3.7 4 4.0 .33 4
14 Cystine © 1.9 .05 1.8 .04 0.1 . . .
Valine 10.2 A1 6.5 12 3.7 4 3.9 .32 4
Methionine 1.9 .04 1.3 .02 0.6 1 .6 .04 1
Isoleucine 11.5 a1 7.4 14 4.1 4 4.8 .39 5
Leucine 8.7 .10 8.0 .16 0.7 1 .6 .02 1
Tyrosine 8.8 8.8 16 0.0 .. ..
Phenylalanine 4.2 .05 4.1 .08 0.1 2 .01 .
Lysine 9.1 11 7.0 14 2.1 2 2.5 .18 2-3
Histidine 3.0 .05 2.9 .06 0.1 . .
Arginine 5.0 .07 5.0 Jd0 - 0.0 . .3 .02 .
Total residues * 156.8 116.0 ’ 42 45-46

® Values based on molar ratios (see text) obtained from triplicate analyses for each of

three hydrolysis periods (24, 72, and 96 hr).

® These values were estimated using linear regression analysis.
¢ Determined as cysteic acid on performic acid-oxidized samples.
¢ Measure of repeatability at the 95% confidence limit.

¢ Nearest integer.
f Exclusive of tryptophan.



num lactate buffer (13)—8 M urea, with ionie
strength of 0.025. The protein patterns were
developed with Amido Black.

RESULTS AND DISCUSSION

The k-casein was attacked by rennin at the
same rate as previously established with pooled
k-casein (36). After maximum formation of
para-k-casein and GMP (10 min), the fractions
were isolated as described in the methods. The
electrophoretic patterns of para-x-casein and
GMP were compared with the original x-casein
at pH 9.2; results are presented in Figure 1.

Fie. 1.
k-casein and para-k-casein in Tris buffer, pH 9.2-
4.5 M urea. Reduced k-casein (1), para-k-casein
(2), and reduced para-x-casein (3).

Pattern 1 is that of the original x-casein, re-
duced with mereaptoethanol to show the major
and the minor components. The para-x-casein
(Pattern 2) in the unreduced form showed
limited solubility ; however, a slight pattern was
discernible. On the other hand, reduced para-
k-casein (Pattern 3) was freely soluble and
appeared to migrate completely into the gel.
In contrast to the whole «-casein, the para-x-

casein migrated toward the cathode and econ-

sisted of two major and one minor component.
No migration toward the anode was observed,
indicating the absence of unaltered «-casein.
No pattern was detected for the GMP fraction,
which could perhaps be attributed to three
factors: First, the highly acidic character of
the maeropeptide could have resulted in a rapid
migration off the anodic portion of the gel, or
secondly, the high solubility (of the GMP)
attributable to the carbohydrate moieties and
high content of hydroxy-amino acids, could have
resulted in a lack of fixation in the gel by the
staining solution. Finally, it is conceivable
that the GMP is not stained by the techniques
employed. Oeccasionally, faint patterns had been
detected for the GMP in freshly stained gels
and suggested that the latter- effect was dom-
inant. No conclusions were reached from these
chance observations; however, heterogeneity in
the GMP fraction appeared to be present.

It is rather surprising that the whole k-casein,
composed of one major and at least five minor
components, yields primarily two para-x-casein
components. Similar results were obtained by
Mackinlay and Wake (15). It is possible that
the minor components of k-casein represent
varying compositions in the carbohydrate or
peptide portions of the molecule, and with
release of GMP, identical para-x-caseins are
obtained.

Polyacrylamide-gel electrophoresis in alumi-
num lactate at pH 4.0 did not result in as good
a resolution as that obtained at pH 9.2. In
Figure 2, it ecan be seen that the reduced para-«-
(Pattern 3) has a mobility approximately 60%
greater than reduced «-casein (Pattern 1), which
can be attributed to the loss of the acidic GMP.
Pattern 2 of the unreduced para-« shows ex-
tensive smearing and streaking comparable to
that observed with native k-casein, which dis-
appeared upon addition of mercaptoethanol and

‘indicates a possible spectrum of molecular sizes

arising from intermolecular disulfide bonding
(15, 36).

Previous amino acid analyses of k-casein were
carried out on preparations from pooled milk
(7, 8, 12, 28), in contrast to the analyses pre-
sented in Table 1, carried out on k-casein de-
rived from a single cow typed with respect to
its major reduced x-casein component. In addi-
tion, one reported analysis (8) was based on a
single time of hydrolysis, whereas a second (12)
was an average of three analyses made on three
different preparations. In all cases, wherever
it ean be determined, the number of individual
analyses performed was less than reported in
the present paper and, in all cases except the

present, suffer from a lack of any indicated
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Fie. 2. Polyacrylamide-gel electrophoresis of
k-casein and para-x-casein in aluminum lactate
buffer, pH 4.0-4.5 M urea. Reduced k-casein (1),
para-x-casein (2), and reduced para-x-casein (3).

statistical reliability measure. The polypeptide
portion of the present x-casein preparation con-
sists of 156-158 amino acid residues having a
total molecular weight of 17,900, exclusive of
tryptophan residues, reported to number 1 (12)
or 2 (7). The number of residues of tryptophan
per mole of protein (molecular weight 20.000)
was 2.2 when calculated using the specific ex-
tinction coefficient of 12.2 (37) for «-casein,
molar extinetion coefficients for cystine, tyro-
sine, and tryptophan given by Wetlaufer (33),
and the values of 1 mole of cystine and 9 moles
of tyrosine per mole of k-casein reported in
Table 1.

The single amino acid composition of para-«-
casein reported (11) suffers from the same de-
ficiencies as noted above for k-casein analyses.
The data indicate that para-x-casein from the
present studies consists of 116-117 amino aeid
residues with a total molecular weight of 13,500,
again exclusive of tryptophan residues reported
to number 1-2 (11).

The amino acid composition of the peptidie
portion of the GMP derived from k-casein has
been reported by several investigators (3, 8,
10, 19). In three instances (3, 8, 19) only a
single time of hydrolysis was employed and in
the remaining instance (10) two hydrolysis

times were employed. Again, no statistical data
were presented and all preparations were de-
rived from x-caseins from pooled milk. The
amino acid compositions, though similar in
many respects, are not identical.

In the analysis of the two GMP’s in the pres-
ent case, small but significant amounts of aro-
matic and basic amino acids were found. These
amino acids (phenylalanine and arginine) pre-
sumably are derived from contaminating pep-
tidic material resulting from the tertiary phase
of the rennin reaction (4). Blondel-Queroix
and Alais (5) have reported at least four com-
ponents in the supernatant after rennin action
on k-casein, one of which was thought to be
a degradation product of the GMP. The data
presented here indicate a GMP of 45-46 amino
acids, which results in a total residue weight of
5,000. The virtual absence of absorption at
280 mp would seem to rule out the presence of
tryptophan. The calculated difference of amino
acid residues between «-casein and para-x-casein
values reported here is 42, resulting in a total
residue weight of 4,400, slightly lower than the
value determined above. Since the calculated
residue numbers for the GMP are in fairly good
agreement with the experimentally determined
residue numbers, it is unlikely that the 129
TCA-insoluble fraction removed from the di-
gest supernatant (see Materials and Methods)
could materially affect the eompositional data
reported. The higher value of 45-46 for the
GMP found experimentally can be accounted
for by the higher residue numbers determined
for glutamie acid, isoleucine, and possibly lysine.
The most striking difference from other compo-
sitional data for GMP preparations is the find-
ing of one residue of methionine/mole of GMP.
This was true for both GMP preparations ana-
lyzed. This may be a consequence of the use
of «k-casein from a single cow, with the genetic
implications inherent in such a study. How-
ever, this must he verified by studying the ren-
nin reaction with other preparations from indi-
vidual cows. As noted above, Delfour et al. (6)
have also recently reported the presence of
methionine in GMP preparations. In addi-
tion, it should be pointed out that both reduced
k-casein and reduced para-x-casein exhibit het-
erogeneity on gel-electrophoresis, even with
preparations from individual animals. As pre-
viously mentioned, each of the components
found in reduced «-casein by this technique can
act as a substrate for the rennin reaction. This
is true even after the thiol groups are sta-
bilized by alkylation (36) or sulfonation (15).
Investigations are presently in progress to iso-
late the individual, reduced, and alkylated «-ca-



sein components in pure form, to make it pos-
sible to study the rennin reaction in as well-
defined a system as possible. The present data
indicate that, as far as the peptide moieties in-
" volved in the rennin reaction go, there seems
to be fairly good agreement in the summation
of para-k-casein plus GMP with total x-casein.
This again confirms x-casein as the true site of
rennin action and confirms and strengthens the
hypothesis of Alais and Jollés (2) concerning
the nature of the rennin reaction. :
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